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Excitations of two- and three-valence-proton nuclei134Te and 135I
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Analyses of248Cm fission productg-ray coincidence data recorded at Gammasphere have yielded additional
information aboutg-ray cascades inN582 isotones134Te and 135I. New-yrast and near-yrast states in both
nuclei have been identified, and they are interpreted as specific shell model excitations.
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There has been significant recent progress, both exp
mental@1–7# and theoretical@8–10#, in the spectroscopy o
the few-valence-protonN582 isotones just above doubl
magic 132Sn. New experimental results have come from a
vanced b-decay studies of short-lived radionuclides pr
duced in fission of actinides@1,2# and from detailed coinci-
dence measurements of prompt and delayedg-ray cascades
in the fission product nuclei themselves@3–7#. In an earlier
paper based on248Cm fission productg-ray data recorded a
Eurogam II, we reported@3# yrast states for theN582 nuclei
134Te and 135I to above 5.5 MeV excitation energy, and in
terpreted them using empirical nucleon-nucleon interacti
as valence-proton and particle-hole core excitations. In a
lated theoretical development, calculations by Andreo
et al. @8# using an effective interaction derived from th
Bonn A free nucleon-nucleon potential gave excellent agr
ment with experiment for the two- and three-proton states
134Te and 135I. Subsequently, we have performed a new
of g-ray measurements at Gammasphere, again usin
248Cm fission source, but with more favorable control
timing conditions, and a total of about 1.83109 fourfold and
higher-fold coincidence events were collected. These d
were generally better than those from the Eurogam II exp
ment, and they have yielded additional results for134Te and
135I, which are reported here. More details about the Ga
masphere measurements may be found in Ref.@11#.

The isotopes112Ru, 111Ru, and110Ru are the 2n, 3n, and
4n complementary partners of134Te in the fission of248Cm,
and during analysis of the excellentggg data from Gamma-
sphere many double gates were set on pairs ofg rays in
134Te and Ru partner nuclei. Samples of coincidence spe
acquired in this way are displayed in Figs. 1~a! and 1~b!.
Gating on the 1279 keV134Te 21→01 and 111Ru 151 keV
transitions showed in coincidence@Fig. 1~a!# a strong 1404
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keV g ray in addition to previously placed 979 and 1151 ke
g rays. The 1404 keVg ray is not coincident with the 297
keV 41→21 transition in 134Te, but feeds directly into the
1279 keV 21 state from a level at 2683 keV. Further analys

FIG. 1. ~a!–~c! Key g-ray coincidence spectra for134Te and
135I. The 241-, 151-, and 237-keVg rays are known transitions in
110Ru, 111Ru, and112Ru fission partners.
©2001 The American Physical Society02-1
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FIG. 2. Proposed134Te and135I level schemes. Arrow widths are proportional to the observedg ray intensities. Dominant configuration
proposed for most of the levels are shown.
12

3

he
te

e-
V,

h

g
V

n
eV

in
he

in

in
in-

ates

nd

ltip-
ted

en
-

he

ral
n

ir
showed that this new level also deexcites by 219 and
keV transitions to the known 21 and 41 pg7/2d5/2 states, and
there is little doubt that this level must be the missing1

member of thepg7/2d5/2 multiplet. All the other multiplet
members have previously been located inb decay, and the
calculations@8# have given rather good agreement with t
experimental energies. This agreement is here seen to ex
to the (pg7/2d5/2)3

1 state, which was predicted 26 keV b
low the 51 multiplet member, and is now found at 2683 ke
which is 44 keV below the experimental 51 level.

Double gating on the 2322 keV 92→61 transition in
134Te and on110,112Ru partnerg rays showed coincident hig
energy lines of 1608, 1644, 1809, and 2086 keV@Fig. 1~b!#.
Of these, the 1608 keVg ray was already placed deexcitin
the 5622 keV (101) state. The 1644, 1809, and 2086 ke
transitions must feed the 4014 keV 92 state from parent
levels at 5658, 5823, and 6099 keV. Gating on 2322 a
1644 keVg rays further established that 441 and 1052 k
transitions populate the 5658 keV level~Fig. 2!. The four
new levels at 5658, 5823, 6099, and 6710 keV must all
volve core excitations, and their decays suggest that t
parity is negative. In the132Sn core nucleus,n f 7/2h11/2

21 and
n f 7/2d3/2

21 states with excitation energies between 4 and
MeV are the lowest particle-hole excitations@12#, and related
pg7/2

2 n f 7/2h11/2
21 yrast states have already been identified

the 134Te nucleus@3#. Near-yrast states ofpg7/2
2 n f 7/2d3/2

21 and
pg7/2d5/2n f 7/2d3/2

21 character are also to be expected in134Te,
and we have calculated their energies with theOXBASH code
using empirical interactions from both the132Sn and 208Pb
01730
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regions, following procedures similar to those described
Ref. @3#. Results of the calculations strongly support an
terpretation of the 5658 and 5823 keV levels as 102 and 112

states of mainlypg7/2
2 n f 7/2d3/2

21 character, while the aligned
configuration (pg7/2d5/2n f 7/2d3/2

21) 112 is indicated for the
6099-keV level; the energies calculated for these three st
are 5818, 6031, and 6203 keV, respectively.

A weakly populated level at 5987 keV decays by 365 a
907 keV g rays to the 101 and 91 ng2n f h21 states, sug-
gesting that it could be another member of the same mu
let. However, its energy does not match well the calcula
energy of the missing (pg2n f h21)111 yrast state, which is
predicted to be almost degenerate with the 121 state located
at 5805 keV. The half-life of this 5805-keV level has be
determined to be 1862 ns, giving for the 183-keV transi
tion probability,

B~E2;121→101!53.2~3! W.u.

This value is slightly larger than theB(E2) of 2.1 W.u. for
the 61→41 transition betweenpg7/2

2 states in134Te, but is
much larger than the value of 0.11 W.u. obtained for t
81→61 transition betweenn f 7/2h11/2

21 states in132Sn @12#.
Analysis of the Gammasphere data identified seve

other weak 134Te transitions, most of which have bee
placed connecting previously located levels. All theg rays
assigned to134Te are listed in Table I, together with the
placements, and they are included in the134Te level scheme
~Fig. 2!.
2-2



al

ke

i-
h
he
V

e

ls
d

es
66
)

,
874

of
e

-
n a

-
t

is
der
G-
B-

rgy
at

n-
iti

ors
be

BRIEF REPORTS PHYSICAL REVIEW C 65 017302
We turn now to the three-valence-proton nucleus135I, for
which the available information about yrast excitations
comes from the Eurogam II fission product study@3#. In the
present analysis, double gating on 1696 and 1134 or 288
lines showed in coincidence 1640, 1927, and 2160 keVg
rays @Fig. 1~c!#. The 1640-keV transition was placed prev
ously, but the other twog rays are new, and they establis
new 135I levels at 5617 and 5850 keV that deexcite to t
(pg7/2

2 h11/2)23/22 state at 3690 keV. The 5617 and 5850 ke
levels are interpreted aspg7/2

3 n f 7/2d3/2
21 23/22 and 25/22

states, calculated at 5618 and 5733 keV, respectively; th
135I states are closely linked to thepg7/2

2 n f 7/2d3/2
21 102 and

112 states at 5658 and 5823 keV in134Te. The135I 3690 keV
level is also fed by a 1090 keVg ray from a level of un-
known structure at 4780 keV.

Many newg rays feeding the 1134- and 1422-keV leve
of 135I were found, including high energy lines of 2344 an
2821 keV, which connect previously known high-spin stat
The branching ratio for the transitions deexciting the 37
keV (21/22) level was determined to be I(2344)/I(1772

TABLE I. Energies and relative intensities of134Te g rays ob-
served following248Cm fission. For all but the weakest lines, e
ergy errors are estimated to be about 0.2 keV, and the intens
should be accurate to within 20%.

Eg (keV) Ig Initial level Eg (keV) Ig Initial level

115.7 196 1692 907.4 2 5987
128.4 6 2683 978.5 64 2555
156.1 1 7723 1040.6 3 7051
172.7 3 2727 1051.7 1 6710
182.6 14 5805 1064.4 24 5622
205.7 13 6010 1150.8 37 2727
218.5 1 2683 1185.9 1 2465
257.4 2 4558 1279.3 1000 1279
263.7 2 4563 1403.8 21 2683
297.1 884 1576 1607.9 4 5622
329.3 33 2727 1615.6 18 4014
365.1 1 5987 1644.3 12 5658
441.1 2 6099 1808.7 3 5823
516.0 1 7567 1901.7 6 4300
516.3 20 5080 2085.5 2 6099
522.5 13 5080 2322.0 104 4014
542.1 15 5622 2465.3 11 2465
549.3 40 4563 2865.6 69 4558
706.3 92 2398 2871.8 17 4563
ell
v.
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52.0(7) giving aB(E3)/B(M2) ratio similar to that ob-
served in deexcitation of the 11/22 single particle state in
133Sb @2#. Five other new135I g rays of 523, 929, 1000
1288, and 1452 keV establish levels at 2351, 2422, and 2
keV, which are not included in the135I level scheme~Fig. 2!
to minimize clutter, but which are clearly nonyrast states
pg7/2

2 d5/2 and/or pg7/2d5/2
2 character, corresponding to th

pg7/2d5/2 states located at similar energies in134Te. Finally,
for the 3690-keV (23/22) state in135I, the present measure
ments gave a half-life less than 5 ns, much shorter tha
previous estimate @13#. This limit implies that the
B(E3;23/22→17/21) in 135I is larger than 5.4 W.u., consis
tent with the B(E3) of 8.0 W.u. reported for the fas
(pg7/2h11/2)9

2→(pg7/2d5/2)6
1 transition in 134Te @1#. All

the g rays assigned to135I are listed, together with their
placements, in Table II.
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TABLE II. Energies and relative intensities of135I g rays fol-
lowing 248Cm fission. For all but the weakest lines, energy err
are estimated to be about 0.2 keV, and the intensities should
accurate to within 20%.

Eg (keV) Ig Initial level Eg (keV) Ig Initial level

138.5 28 4381 1089.5 3 4780
248.4 6 5577 1134.0 1000 1134
288.1 872 1422 1288.0 4 2422
395.9 50 4777 1452.0 8 2874
523.1 1 2874 1639.5 8 5329
552.5 20 5329 1661.4 50 3656
572.3 339 1994 1695.8 118 3690
690.7 14 4381 1771.9 4 3766
725.1 41 4381 1926.5 3 5617
801.2 10 5577 2159.5 2 5850
928.7 8 2351 2247.8 31 4242
947.5 14 5329 2344.2 8 3766
1000.0 5 2422 2386.8 5 4381
1010.5 3 4777 2821.2 2 4242
edt,
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